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(54) POSITIVE TYPE RESIST COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure excellent sensitivity and to 
form a fine resist pattern having no roundish top and excellent in 
squareness by using a positive type resist composition containing a 
mixture of a specified triphenylsulfonium salt and a specified 
sulfonium salt in a specified ratio. 

SOLUTION: The positive type resist composition contains a polymer 
(A) having an acid dissociable group having alkali dissolution inhibiting 
capability and substituted for the hydrogen atom of a carboxyl group 
and a compound (B) which generates an acid when irradiated with a 
radiation. The solubility of polymer A to an aqueous alkali solution 
increases when the acid dissociable group is dissociated by the 
action of the acid generated by exposure. The compound B is a 
mixture of a triphenylsulfonium salt (b-1) having an optionally 
substituted benzene nucleus and a sulfonium salt (b-2) of the 
formula, wherein Ar is aryl and X is a 1 —1 5C fluoroalkylsulfonate ion. The amount of the salt b~1 is 5-25 wt.% 
of b-2. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1](A) A hydrogen atom of a carboxyl group is replaced by acid dissociation nature group which has 
alkali dissolution control ability, In a positive resist composition containing a compound which generates acid 
by the exposure of a polymer in which this acid dissociation nature group dissociates by operation of acid by 
which it was generated by exposure, and solubility to an alkaline aqueous solution increases, and (B) 
radiation, (B) An ingredient is a mixture with sulfonium salt expressed with a triphenylsulfonium salt which 
has a benzene nucleus which is not replaced [ substitution (b-1) or], and following general formula (b~2) (I), 
(b-2) — receiving (b-1) — a positive resist composition mixing in 5 % of the weight - 25% of the weight of 
the range. 
[Formula 1] 
(I) 



(Ar expresses an aryl group among a formula and X "expresses the fluoro alkyl-sulfonic-acid ion of the 
carbon numbers 1-15) 

[Claim 2](A) The positive resist composition according to claim 1 which is a copolymer in which an 
ingredient includes a unit derived from a polycyclic type olefin which has an acid dissociation nature group 
at least (a-1), and a unit derived from a maleic anhydride (a-2). 

[Claim 3](A) The positive resist composition according to claim 2 which is a copolymer in which an 
ingredient includes a unit expressed with following general formula (II). 
[Formula 2] 
(ID 




(R expresses a hydrogen atom or a low-grade alkyl group among a formula, Y expresses an acid dissociation 
nature group, and n is 0 or 1) 

[Claim 4]The positive resist composition according to claim 3 whose Y is the 3rd class alkyl group or an 
alkoxyalkyl group. 
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[Claim 5]The positive resist composition according to claim 4 whose Y is a 1-ethyl-1-cyclohexyl group. 
[Claim 6]A positive resist composition given in any 1 paragraph of Claims 3-5 which are the copolymers in 
which (A) includes a unit expressed with said general formula (II) and following general formula (HI) at least. 
[Formula 3] 
(HI) 




(R is synonymous to the above among a formula, R 1 expresses the alkyl group which has at least one 
hydroxyl, and m is 0 or 1) 

[Claim 7]The positive resist composition according to claim 6 whose R 1 is a low-grade mono- hydroxyalkyl 
group or a low-grade dihydroxy alkyl group. 

[Claim 8]The positive resist composition according to claim 7 whose R 1 is 2-hydroxypropyl group or a 
2,3-dihydroxybutyl group. 

[Claim 9]A positive resist composition given in any 1 paragraph of Claims 1-8 which furthermore blend 
organic carboxylic acid, oxo acid of phosphorus, or its derivative 0.01 to 5% of the weight to (A). 
[Claim 10]A positive resist composition given in any 1 paragraph given in Claims 1-9 which furthermore 
blends organic amine 0.01 to 5% of the weight to (A). 

[Claim 11]A positive resist composition given in any 1 paragraph of Claims 1-10 which blend ester of bile 
acid which furthermore has an acid dissociation nature group one to 100% of the weight to (A). 
[Claim 12]The positive resist composition according to claim 11 which is tert-butylester of bile acid chosen 
from a group which ester of bile acid becomes from cholic acid, deoxycholic acid, ursocholic acid, and 
lithocholic acid. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a chemical amplification type positive resist composition. 
[0002] 

[Description of the Prior Art]Now, chemical amplification type resist for KrF (248 nm) excimer lasers is 
already put in practical use by resist pattern formation of 0.30 micrometer or less. On the other hand, 
development of the lithography process which used an ArF (193 nm) excimer laser of 0.15 micrometer or 
less is also performed briskly, and many proposals are made about the resist for ArF. For example, the resist 
composition using the polycyclic type polyolefin resin which has an acid dissociation nature group like a 
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tert-butyloxy carbonyl group or a 1-methyl-1-cyclohexyl oxycarbonyl group is proposed by 
JP,H9-230595,A and JP,H9-244247,A. Furthermore, to W097/33198, JP,H10-10739,A, and 
JP,H10-1 1 1569,A. The resist using the resin which carried out copolymerization of the norbornene which 
has acid dissociation nature groups, such as a tert-butyloxy carbonyl group and a 1-methyl-1-cyclohexyl 
oxycarbonyl group, and the maleic anhydride is proposed. Further again JP,H10-130340,A, 
JP,H10-153864,A, The positive resist for ArF is proposed by JP,H10-198035,A, JP,H10-207058,A, 
JP,H10-207070,A, JP,H10-218941,A, and JP,H10-218947,A. As an acid generator of the positive resist for 
ArF, the thing of a large number, such as containing halogen organic compounds including onium salt, such 
as iodonium salt and sulfonium salt, a diazoketone compound, sulfone compounds, and a sulfonic acid 
compound, is mentioned as proposed by these gazettes. Especially, onium salt like especially 
triphenylsulfonium trifluoro methanesulfonate has the strong intensity of the acid by which it is generated, 
and is suitably used from excelling in sensitivity. 
[0003] 

[Problem(s) to be Solved by the Invention]However, in the positive resist composition for ArF which used 
such onium salt for the acid generator, the top portion of a detailed resist pattern of 0.1 5 micrometer or less 
is roundish, and there is a problem of being inferior to rectangle nature. On the other hand, the onium salt 
expressed with general formula (I) of this invention is also indicated to JP,H10-282673,A. However, there is 
a problem of being inferior to sensitivity, in this onium salt. Therefore, the top portion of a detailed resist 
pattern of 0.15 micrometer or less is not roundish, and the purpose of this invention has it in offer of the 
positive resist composition for ArF which is excellent in the rectangle nature of a resist pattern while 
sensitivity is excellent. 
[0004] 

[Means for Solving the Problem]This invention persons have solved above conventional SUBJECT by mixing 
a specific acid generator of a different kind at a predetermined rate, as a result of repeating research 
wholeheartedly. An invention of Claim 1 is replaced by acid dissociation nature group with which a hydrogen 
atom of the (A) carboxyl group has alkali dissolution control ability, In a positive resist composition 
containing a compound which generates acid by the exposure of a polymer in which this acid dissociation 
nature group dissociates by operation of acid by which it was generated by exposure, and solubility to an 
alkaline aqueous solution increases, and (B) radiation, (B) An ingredient is a mixture with sulfonium salt 
expressed with a triphenylsulfonium salt which has a benzene nucleus which is not replaced [ substitution 
(b-1) or ], and following general formula (b~2) (I), (b~2) — receiving (b~1) — a positive resist composition 
mixing in 5 % of the weight - 25% of the weight of the range is provided. 
[0005] 
[Formula 4] 
(I) 

[0006](Ar expresses an aryl group among a formula and X expresses the fluoro alkyl-sulfonic-acid ion of 
the carbon numbers 1-15) 
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The invention of Claim 2 provides the positive resist composition according to claim 1 which is a copolymer 
in which the (A) ingredient includes the unit derived from the polycyclic type olefin which has an acid 
dissociation nature group at least (a-1), and the unit derived from a maleic anhydride (a-2). The invention of 
Claim 3 provides the positive resist composition according to claim 2 which is a copolymer in which the (A) 
ingredient includes the unit expressed with following general formula (II). 
[0007] 
[Formula 5] 
(ID 




R C— O Y 

O 

[0008](R expresses a hydrogen atom or a low-grade alkyl group among a formula, Y expresses an acid 
dissociation nature group, and n is 0 or 1) 

An invention of Claim 4 provides the positive resist composition according to claim 3 whose Y is the 3rd 
class alkyl group or an alkoxyalkyl group. An invention of Claim 5 provides the positive resist composition 
according to claim 4 whose Y is a 1-ethyl-1-cyclohexyl group. An invention of Claim 6 provides with a 
positive resist composition of a description any 1 paragraph of Claims 3-5 which are the copolymers in 
which (A) includes a unit expressed with said general formula (II) and following general formula (III) at least. 
[0009] 
[Formula 6] 
(HI) 




[0010](R is synonymous to the above among a formula, R 1 expresses the alkyl group which has at least one 
hydroxyl, and m is 0 or 1) 

The invention of Claim 7 provides the positive resist composition according to claim 6 whose R 1 is a 
low-grade mono- hydroxyalkyl group or a low-grade dihydroxy alkyl group. The invention of Claim 8 and R 1 
provide the positive resist composition according to claim 7 which is 2-hydroxypropyl group or a 
2,3-dihydroxybutyl group. The invention of Claim 9 provides with the positive resist composition of a 
description any 1 paragraph of the Claims 1-8 which blend organic carboxylic acid, the oxo acid of 
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phosphorus, or its derivative 0.01 to 5% of the weight to (A) further. The invention of Claim 10 provides with 
the positive resist composition of a description any 1 paragraph given in Claims 1-9 which blends organic 
amine 0.01 to 5% of the weight to (A) further. The invention of Claim 11 provides with the positive resist 
composition of a description any 1 paragraph of the Claims 1-10 which blend ester of the bile acid which has 
an acid dissociation nature group further one to 100% of the weight to (A). The invention of Claim 12 
provides the positive resist composition according to claim 11 which is tert-butylester of the bile acid 
chosen from the group which ester of bile acid becomes from cholic acid, deoxycholic acid, ursocholic acid, 
and lithocholic acid. 
[0011] 

[Embodiment of the Invention] (A) An ingredient (A) ingredient is a base-material-resin ingredient of a 
positive resist composition, and is a polymer in which the hydrogen atom of a carboxyl group is replaced with 
the acid dissociation nature group which has alkali dissolution control ability, this acid dissociation nature 
group dissociates by operation of the acid by which it was generated by exposure, and the solubility to an 
alkaline aqueous solution increases. Although a large number are proposed that it indicated such a polymer 
to the Prior art until now and it is not limited in particular, as a desirable polymer, A copolymer including the 
unit derived from the polycyclic type olefin which has an acid dissociation nature group at least (a-1), and 
the unit derived from a maleic anhydride (a-2) is mentioned. 

[0012]As an acid dissociation nature group, a publicly known thing can especially be used until now as an 
acid dissociation nature group in the positive resist for KrF, and the positive resist for ArF, and it is not 
limited. For example, a tert-butyloxy carbonyl group, the 3rd class alkyloxy carbonyl 

group;1-methyl-1-cyclohexyl oxycarbonyl group in which all alkyl groups like a tert-amyloxy carbonyl group 
are aliphatic series straight chain hydrocarbon groups, A 1-ethyl-1-cyclohexyl oxycarbonyl group, The 3rd 
class alkyloxy carbonyl group whose alkyl groups, such as a 2-methyl-2-adamanthyl oxycarbonyl group, are 
an aliphatic series straight chain hydrocarbon group and an aliphatic-cyclic-hydrocarbon group; A 
tetrahydrofuranyloxycarbonyl group, The alkoxy alkyloxy carbonyl group of annular [, such as a 
tetrahydropyranyl oxycarbonyl group and 1 -ethoxyethyl oxycarbonyl group, ] or straight chain shape, etc. 
are mentioned. 

[0013]Although what is a polycyclic type like a bicyclo[2.2.1]-2- heptene (norbornene) or tetracyclo 
[4.4.0.1 2 ' 5 .1 7, 10 ]-3-dodecen, and has an ethylenic double bond as a polycyclic type olefin, for example is 
mentioned, In this invention, it is not limited to these. Preferably, the (A) ingredient has a good copolymer 
including the unit expressed with following general formula (II) at least, or this unit and the unit expressed 
with following general formula (III). 
[0014] 
[Formula 7] 
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[0015](R expresses a hydrogen atom or a low-grade alkyl group (for example, carbon numbers 1-3) among a 

formula, Y expresses an acid dissociation nature group, and n is 0 or 1) 

[0016] 

[Formula 8] 

(HI) 



0 

[0017](the inside of a formula, and R — the above — the same — the alkyl group and m in which R 1 has at 
least one HIDOROKISHI are 0 or 1) 

[0018]Although Y removes an ester part from an above mentioned acid dissociation nature group in general 
formula (II), Especially A tert-butyl group, a 1-methyl-1-cyclohexyl group, The 3rd class alkyl groups, such 
as a 1-ethyl-1-cyclohexyl group; alkoxyalkyl group; like a tetrahydropyranyl group, etc. are preferred, and 
especially, a 1-ethyl-1-cyclohexyl group is high sensitivity, and it can compound easily cheaply and is 
desirable. 

[001 9]If R 1 is a functional group for raising the adhesion of a silicon wafer, a silicon wafer in which an 
inorganic film was provided, and a regist layer in general formula (III) and it is an alkyl group which has at 
least one hydroxyl, Although not limited in particular, a low-grade mono- hydroxyalkyl group which has the 
carbon numbers 1-10, for example, and has one hydroxy group or two, or a low-grade dihydroxy alkyl group 
is preferred. A hydroxymethyl group, a hydroxyethyl group, a hydroxypropyl group, a hydroxybutyl group, a 
dihydroxybutyl group, a hydroxypentyl group, etc. especially specifically have 2-hydroxypropyl and a 
preferred 2,3-dihydroxybutyl group. A unit expressed with general formula (II) or (III), Output by which the 
Diels-Alder reaction of ester, a cyclopentadiene, or a dicyclopentadiene of acid dissociation nature group 
content acrylic acid or methacrylic acid may be carried out A maleic anhydride and dioxane, It can obtain by 
dissolving into a suitable organic solvent like a tetrahydrofuran, and adding and carrying out 
copolymerization of the radical polymerization initiators, such as benzoyl peroxide, 
2,2'-azobisisobutyronitrile, acetyl peroxide, and lauryl peroxide. In this case, it corresponds, when a 
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cyclopentadiene is used and n and m are 0, and when a dicyclopentadiene is used and n and m are 1, it 
corresponds. 

[0020]A copolymerization ratio of a maleic anhydride in general formula (II) or (III) and a polycyclic type 
olefin monomer which has an acid dissociation nature group of a theory top is 50-mol % respectively. 
However, since copolymerization of maleic anhydrides and polycyclic type olefin monomers also happens 
actually, upper copolymerization ratio is actually 40-60 mol of unit % derived from 40-60 mol of unit % 
derived from a maleic anhydride, and a polycyclic type olefin monomer, a case of a copolymer of general 
formula (II) and (III) — 40-90 mol of unit % of general formula (II) — desirable — 10-60 mol of unit % of 
50-80-mol % and general formula (III) — it is 20-50-mol % preferably. If a unit of general formula (II) 
becomes less than these ranges, sensitivity will fall, and when too large, it is inferior to adhesion with a 
substrate. Copolymerization of the thing publicly known as a monomer of base material resin of the 
conventional positive resist for ArF may be carried out if needed besides a unit expressed with general 
formula (II) or (III), weight average molecular weight of the (A) ingredient of this invention — 2,000-15,000 — 
the range of 3,000-6,000 is preferably good. 

[0021] (B) With a compound which generates acid by the exposure of ingredient radiation, it is usually called 
an acid generator and many things are proposed that it indicated also to a Prior art until now. A 
triphenylsulfonium salt which has a benzene nucleus which is not replaced [ substitution (b~1) or ] as this 
acid generator in this invention, (b~2) It is a mixture with sulfonium salt expressed with following general 
formula (I), and it is the greatest feature to have mixed to (b-2) in 5 (b-1) % of the weight - 25% of the weight 
of the range. 

[0022](b— 1 ): With a triphenylsulfonium salt which has a benzene nucleus which is not replaced [ substitution 
or ]. For example, low-grade alkyl groups, such as a methyl group, an ethyl group, a propyl group, a butyl 
group, and a tert-butyl group; A methoxy group, Lower alkoxy groups, such as an ethoxy basis, a propoxy 
group, a butoxy group, and a tert-butoxy group; it can be a triphenylsulfonium salt which a benzene nucleus 
is replaced by substituents, such as halogen atom [, such as fluoride and chlorine, ];, or does not have a 
substituent. Although an anion in particular is not limited, fluoro alkyhsulfonic-acid ion of the carbon 
numbers 1-15 has strongly preferred intensity of acid. 

[0023]Specifically Trifluoro methanesulfonate of triphenylsulfonium, Nonafluorobutane sulfonate, heptadeca 
fluorooctyl sulfonate, Camphor sulfonate and naphthalene sulfonate; Trifluoro methanesulfonate of Tori 
(4-methylphenyl) sulfonium, Nonafluorobutane sulfonate, heptadeca fluorooctyl sulfonate, Camphor 
sulfonate and naphthalene sulfonate; Trifluoro methanesulfonate of 4-methylphenyl 
bis(4-ethoxyphenyl)sulfonium, Nonafluorobutane sulfonate, heptadeca fluorooctyl sulfonate, Camphor 
sulfonate and naphthalene sulfonate; Trifluoro methanesulfonate of 4-methoxypheny 
bis(4-chlorophenyl)sulfonium, Nonafluorobutane sulfonate, heptadeca fluorooctyl sulfonate, camphor 
sulfonate, naphthalene sulfonate, etc. are mentioned. 
[0024](b-2) is expressed with the following general formula. : 
[0025] 
[Formula 9] 
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(I) 



Ar' 




[0026](Ar expresses an aryl group among a formula and X "expresses the fluoro alkyl-sulfonic-acid ion of 
the carbon numbers 1-15) 

[0027]As an aryl group, the phenyl group which is not replaced [ substitution or ] and a naphthyl group are 
mentioned, for example. Specifically, what is expressed with the following structural formula is mentioned. 
[0028] 



[0029]As for X " , trifluoro methanesulfonate, nonafluorobutane sulfonate, heptadeca fluorooctyl sulfonate, 
etc. are mentioned. 

[0030]It is necessary to blend the mixing ratio of (b-2) with (b-1 ) to (b-2) in 5 (b-1 ) % of the weight - 25% of 
the weight of the range. Preferably, 1 0 % of the weight - 20 % of the weight are good. When the effect of the 
improvement in sensitivity becomes that (b-1) is less than 5 % of the weight insufficient and it exceeds 25 % 
of the weight conversely, the top of a resist pattern is roundish and inferior to rectangle nature. 
[0031]It may mix further and onium salt of (b-1) and (b-2) may be used to such an extent that the purpose 
of this invention does not spoil these two or more sorts. It may mix and use to such an extent that the 
purpose of this invention does not spoil a publicly known acid generator similarly. 

[0032](B) An ingredient can be preferably used at 1 to 10% of the weight of a rate 0.1 to 20% of the weight to 
the (A) ingredient. 

[0033]Various additive agents can be blended with a constituent of this invention if needed. As an additive 
agent, ester etc. of bile acid which has organic carboxylic acid, oxo acid of phosphorus or its derivative, 
organic amine, and an acid dissociation nature group, for example are mentioned. 
[0034]As organic carboxylic acid, although organic carboxylic acid, such as saturation or unsaturation 
aliphatic carboxylic acid, alicyclic carboxylic acid, and aromatic carboxylic acid, can be mentioned, it is not 
limited in particular. As saturated-fat fellows carboxylic acid, univalent or polyvalent carboxylic acid of 
formic acid, acetic acid, propionic acid, butanoic acid, isobutyric acid, oxalic acid, malonic acid, succinic acid, 
glutaric acid, adipic acid, etc. is mentioned. As unsaturation aliphatic carboxylic acid, acrylic acid, crotonic 
acid, isocrotonic acid, 3-butene acid, methacrylic acid, 4-pentene acid, propiolic acid, 2-butine acid, maleic 
acid, fumaric acid, acetylene carboxylic acid, etc. are mentioned. As alicyclic carboxylic acid, 



[Formula 10] 
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1,1-cyclohexanedicarboxylic acid, 1,2-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid, 
1,4-cyclohexanedicarboxylic acid, 1,1-cyclo HEKISHIRUJI acetic acid, etc. are mentioned. As aromatic 
carboxylic acid, aromatic carboxylic acid which has substituents, such as hydroxyl groups, such as 
para-hydroxybenzoic acid, o-hydroxybenzoic acid, 2-hydroxy-3-nitrobenzoic acid, phthalic acid, 
terephthalic acid, and isophthalic acid, a nitro group, and a carboxyl group, is mentioned. 
[0035]A concrete target as oxo acid of phosphorus, or its derivative Phosphoric acid, phosphorous acid, 
Phosphoric acid, such as phosphoric acid di-n-butyl ester and diphenyl phosphate ester, phosphorous acid, 
or a derivative like those ester, Phosphonic acid, phosphonic acid dimethyl ester, phosphonic acid 
di-n-butyl ester, Phosphonic acid, such as phenylphosphonic acid, phosphonic acid diphenyl ester, and 
phosphonic acid dibenzyl ester, and a derivative like those ester, Although phosphinic acid, such as 
phosphinic acid and phenylphosphinic acid, and a derivative like those ester are mentioned, it is not limited 
to these. 

[0036]Permeability [ as opposed to ArF laser light in saturated-fat fellows carboxylic acid such as malonic 
acid and succinic acid, ] is high in these, and since it excels in definition, it is desirable. 
[0037]As organic amine, although fatty amine, aromatic amine, and heterocyclic amine are mentioned, it is 
not limited to these, for example. As fatty amine, diethylamine, triethylamine, n-propylamine, 
Di-n-propylamine, tri-n-propylamine, tri-isopropanolamine, isopropylamine, tributylamine, tripentylamine, 
triethanolamine, dipropanolamine, tripropanolamine, etc. are mentioned. As aromatic amine, benzylamine, 
aniline, N-methylaniline, N.N-dimethylaniline, o-methylaniline, m-methylaniline, p-methylaniline, 
N,N-diethylaniline, diphenylamine, di-p-tolyl amine, etc. are mentioned.As heterocyclic amine, pyridine, 
o-methylpyridine, o-ethylpyridine, 2,3— lutidine, 4-ethyl-2-methylpyridine, 3-ethyl-4-methylpyridine, etc. 
are mentioned. In these, permeability [ as opposed to ArF laser light in fatty amines, such as tripentylamine ] 
is high, and since it excels in resist pattern shape, it is desirable. 

[0038]Organic carboxylic acid, oxo acid of phosphorus, or a blending ratio of the derivative is 0.02 to 0.2% of 
the weight of a range preferably 0.01 to 5% of the weight to the (A) ingredient. Definition and sensitivity 
improve that it is this range, and it is desirable. A blending ratio of organic amine is 0.02 to 0.2% of the weight 
of a range preferably 0.01 to 5% of the weight to the (A) ingredient. Resist pattern shape and sensitivity 
improve that it is this range, and it is desirable. 

[0039]Ester of bile acid which has an acid dissociation nature group is publicly known as a dissolution 
inhibitor of a positive resist for ArF, and is not limited in particular. This ester is not limited to these, 
although tert-butylester of bile acid chosen from cholic acid, deoxycholic acid, ursocholic acid, lithocholic 
acid, etc., tetrahydropyranyl ester, ethoxyethyl ester, etc. are mentioned. It is tert-butylester of said bile 
acid preferably. This ester shows high permeability over an ArF excimer laser, and in order that an acid 
dissociation nature group may dissociate by operation of acid generated from an acid generator, in order to 
improve contrast of a resist pattern, it is used if needed. The blending ratio is 5 to 20 % of the weight 
preferably one to 100% of the weight to the (A) ingredient. 

[0040]A compatible additive, for example, an antihalation agent, a surface-active agent, etc. can be further 
blended with a constituent of this invention suitably if needed. 

[0041]As for a positive type photoresist composition of this invention, it is preferred to dissolve each 
above-mentioned ingredient in a suitable solvent, and to use in a form of a solution. As an example of such 
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a solvent, a solvent used for the conventional positive type photoresist composition can be mentioned, For 
example, acetone, methyl ethyl ketone, cyclohexanone, methyl isoamyl ketone, Ketone, such as 
2-heptanone; Ethylene glycol, propylene glycol, A diethylene glycol, ethylene glycol mono- acetate, 
propylene glycol mono- acetate, Diethylene-glycol mono- acetate or these monomethyl ether, A polyhydric 
alcohol class of monoethyl ether, monopropyl ether, monobutyl ether, or monophenyl ether, and its 
derivative; Cyclic ether; and ethyl lactate like dioxane, Ester species, such as methyl-acetate, ethyl acetate, 
butyl acetate, methyl pyruvate, ethyl pyruvate, methoxy methyl propionate, and ethoxyethyl propionate, can 
be mentioned. These may be used independently, and may mix and use two or more sorts. 
[0042]If an example is shown about the suitable directions for a constituent of this invention, first, apply a 
solution of a positive resist composition with a spinner etc., and will dry, a photosensitive layer will be made 
to form on substrates, such as a silicon wafer, and it will expose via a photo mask in which a pattern was 
subsequently drawn. Next, if negatives are developed with an alkaline aqueous solution like a developing 
solution, for example, 1 to 10-% of the weight tetramethylammonium hydroxide (TMAH) solution, after 
carrying out exposure afterbaking (PEB) of this, dissolution removal of the exposure part is carried out, and 
a picture (resist pattern) faithful to a mask pattern can be acquired. In order to improve the definition of a 
resist pattern further, it is good to make an inorganic or organic a nti reflection film intervene between a 
substrate and a photosensitive layer obtained using a constituent of this invention. The isolated pattern can 
enjoy especially an effect of this invention rather than a line and space pattern. 
[0043] 

[Function]There is the greatest feature of this invention in having mixed specific onium salt of a different 
kind at a predetermined rate as an acid generator of a positive resist composition. In conventional 
technology, there is no thought of mixing positively and using a specific acid generator of a different kind. 
For example, in working example of the Patent Gazette about the aforementioned positive resist, most acid 
generators are blended independently. Although the mixture of triphenylsulfonium triflate and 
dibutylnaphthyl sulfonium triflate is indicated in working example 8 of JP,H10-218947,A, both mixing ratio is 
not indicated concretely at all. The acid generator in the positive resist composition of this invention, (b-1) 
it is a mixture of the triphenylsulfonium salt which has a benzene nucleus which is not replaced 
[ substitution or ], and the sulfonium salt expressed with the above-mentioned (b-2) general formula (I) — 
(b-2) — receiving (b-1) — it is mixing in 5 % of the weight - 25% of the weight of the range. (b-1) and (b~2) 
are publicly known ingredients, for example, (b-2) is indicated to JP,H10-282673,A. However, when (b-1) is 
used alone, When the top portion of a detailed resist pattern of 0.15 micrometer or less is roundish although 
excelled, sensitivity had the problem of being inferior to rectangle nature and (b-2) was used alone, there 
was a problem of being inferior to the sensitivity of what [ excellent ] in rectangle nature. According to this 
invention, by mixing (b-2) with (b-1) at a specific rate, It was able to become possible to acquire only the 
strong point, without making the fault which both have reveal, namely, while sensitivity was excellent, the 
top portion of a detailed resist pattern of 0.15 micrometer or less could not be roundish, and the positive 
resist composition for ArF which is excellent in the rectangle nature of a resist pattern was able to be 
obtained. 
[0044] 

[Example]Hereafter, working example and a comparative example explain this invention further. 
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The example 1 (composition of a polycyclic type olefin monomer) of manufacture 
it writes dissolving the 1-ethyl-1-hydroxycyclohexane 128g and 120 g of triethylamine in 600 ml of 
tetrahydrofurans, and cooling by an ice bath — it **(ed), and it was dropped at it, having applied 91 g of 
acrylic acidchloride to this for 10 minutes, subsequently, it returns to a room temperature slowly and writes 
for further 24 hours — it **(ed). After washing a reaction solution enough until it became neutrality with 
water, the tetrahydrofuran was removed by the rotating evaporator and 95 g (52% of yield) of acrylic acid 
1 -ethyl 1-cyclohexyl was obtained. Subsequently, it was dropped, having applied 35 g of cyclopentadienes 
which are written while cooling 91 g of obtained acrylic acid 1-ethyl-1-cyclohexyl by an ice bath and which 
are produced by **(ing), heating a dicyclopentadiene to this at 40 **, and carrying out a pyrolysis to it for 60 
minutes, it writes after the end of dropping for further 12 hours — it **(ed). Distillation under reduced 
pressure of this reaction solution was carried out on 1 mmHg and 1 1 5-1 1 7 ** conditions, and the compound 
which has the following chemical formula was obtained. 



[0046]Et expresses an ethyl group. The yield was 1 1 9g (96% of yield). 

[0047]The analytical data of the proton MNR are :proton NMR;0.8ppm, 1.2-1.7 ppm, 1.9 ppm, 2.2 ppm, 2.9 
ppm, 3.2 ppm, 6.0 ppm, and 6.2 ppm.; 

The analytical data of FTIR are :2972-cm" 1 , 2936 cm"', 2863 cm" 1 , 2726 cm" 1 , 1449 cm" 1 , 1336 cm" 1 , and 1271 
cm" 1 .; 

The above-mentioned compound was identified from the above analytical data. 
[0048]The example 2 (composition of the copolymer 1) of manufacture 

It is made to be the same as that of the Diels-Alder reaction of 24.8 g of polycyclic type monomers, and the 
example 1 of manufacture obtained in the example 1 of manufacture, 1 3.0g of polycyclic type monomers and 
16.3 g of maleic anhydrides which were produced by making carry out the Diels-Alder reaction of the 
2-hydroxypropyl acrylate with a cyclopentadiene are dissolved in the dioxane 54.1 g, 5.4 g of 
azobisisobutyronitrile was added as a reactional initiator, and the polymerization reaction was carried out at 
70 ** for 24 hours. Operation of having poured a reactant into 1 I. of n-heptane, and depositing a polymer 
was repeated twice after ending reaction. Reduced pressure drying of the obtained copolymer was carried 
out under the room temperature. Thus, the compound which has the following chemical formula was 
obtained. 
[0049] 

[Formula 12] 



[0045] 

[Formula 1 1] 
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[0050]The yield of this copolymer was 26g, weight average molecular weight was 4700, and the degree of 
dispersion was 1.8. x and y were 40-mol % 60-mol%, respectively. 

[0051]copolymer 1 ((A) ingredient) 100 weight section; obtained in the example 2 of working example 1 
manufacture — triphenyl SURUHONIMU trifluoro methanesulfonate (b>-1) (ingredient) 0.6 weight section; — 
the sulfonium salt (b~2) (ingredient) (five weight section;) which has a following chemical formula 
[0052] 

[Formula 13] 




[0053]In addition, as an ingredient, tert-butylester 7 weight section [ of cholic acid ]; — tert-butylester 3 
weight section [ of lithocholic acid ]; — it dissolving in propylene-glycol-monomethyl-ether acetate 650 
weight section, and malonic acid 0.025 weight section; and tripentylamine 0.1 weight section. The 
positive-type-photoresist solution was obtained. 

[0054]Subsequently, the regist layer of 0.4 micrometer of thickness was formed by applying this 
positive-type-photoresist solution on the silicon wafer in which the SiON film was formed using the spinner, 
and drying for 90 seconds at 140 ** on a hot plate. Subsequently, with the ArF exposure device (made by 
NIKON CORP.), after irradiating with an ArF excimer laser (193 nm) selectively, PEB treatment was carried 
out for 90 seconds, and, subsequently paddle development of the 130 ** was carried out for 30 seconds in 
tetramethylammonium hydroxide solution 2.38% of the weight, and it rinsed for 30 seconds and dried. 
[0055]When the 0.1 6-micrometer line and space pattern formed by such operation measured the exposure 
time (sensitivity) formed in 1:1 per mJ/cm 2 (amount of energy), it was 50mJ/cm 2 . Although the resist 
pattern shape was skirt breadth a little, it was a good thing which does not have film decrease and a radius 
of circle in a top portion. When similarly the exposure time (sensitivity) in which a 0.1 2-micrometer isolated 
resist pattern (a line and space is 1:3) is formed was measured, it was 36mJ/cm 2 . The resist pattern shape 
was a good thing which is dramatically excellent in vertical nature and does not have film decrease and a 
radius of circle in a top portion. 

[0056](b-1) is replaced with 0.3 weight sections (b-2) (receiving 6 % of the weight) in working example 2 
working example 1, and they are further (b-2) tales doses of the following sulfonium salt. [0057] 
[Formula 14] 
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[0058]Except it having been alike and having replaced with, the positive-type-photoresist solution was 
prepared like working example 1, and the resist pattern was formed on the conditions same subsequently as 
working example 1. When the 0.1 6-micrometer line and space pattern formed by such operation measured 
the exposure time (sensitivity) formed in 1:1 per mJ/cm 2 (amount of energy), it was 65mJ/cm 2 . Although the 
resist pattern shape was skirt breadth a little, it was a good thing which does not have film decrease and a 
radius of circle in a top portion. When similarly the exposure time (sensitivity) in which a 0.1 2-micrometer 
isolated resist pattern (a line and space is 1:3) is formed was measured, it was 48mJ/cm 2 . The resist pattern 
shape was a good thing which is dramatically excellent in vertical nature and does not have film decrease 
and a radius of circle in a top portion. 

[0059]In working example 3 working example 2, except having replaced (b-1) with 0.8 weight sections (b-2) 
(receiving 16 % of the weight), the positive-resist solution was prepared like working example 2, and the 
resist pattern was formed on the conditions same subsequently as working example 1. When the 
0.1 6-micrometer line and space pattern formed by such operation measured the exposure time (sensitivity) 
formed in 1:1 per mJ/cm 2 (amount of energy), it was 45mJ/cm 2 . Although the resist pattern shape was skirt 
breadth a little, it was a good thing which does not have film decrease and a radius of circle in a top portion. 
When similarly the exposure time (sensitivity) in which a 0.1 2-micrometer isolated resist pattern (a line and 
space is 1:3) is formed was measured, it was 32mJ/cm 2 . By the top part, the resist pattern shape was a 
good thing which is excellent in vertical nature, although there were few radii of circle. 
[0060]In comparative example 1 working example 2, except having excluded (b-1), the positive-resist 
solution was prepared like working example 2, and the resist pattern was formed on the conditions same 
subsequently as working example 1. When the 0.1 6-micrometer line and space pattern formed by such 
operation measured the exposure time (sensitivity) formed in 1:1 per mJ/cm 2 (amount of energy), it was 
70mJ/cm 2 . Although the resist pattern shape was skirt breadth a little, it was a good thing which does not 
have film decrease and a radius of circle in a top portion. When similarly the exposure time (sensitivity) in 
which a 0.1 2-micrometer isolated resist pattern (a line and space is 1:3) is formed was measured, it was 
64mJ/cm 2 . Although the resist pattern shape was excellent in vertical nature, it was a poor thing which has 
film decrease and a radius of circle in a top portion. 

[0061]In comparative example 2 working example 2, except having excluded (b-2) (b-1), and having 
considered it as five weight sections, the positive-resist solution was prepared like working example 2, and 
the resist pattern was formed on the conditions same subsequently as working example 1. 0.20 micrometer 
of the line and space pattern formed by such operation was a limit, and the resist pattern shape was a poor 
thing which has them. [ large film decrease of a top portion and a radius of circle and close to a triangle ] 
Similarly, 0.13 micrometer was a limit and the resist pattern shape of the isolated resist pattern (a line and 
space is 1:3) was a poor thing which has them. [ large film decrease of a top portion and a radius of circle 
and close to a triangle ] 

14 



JP 2000-292917 A 

[0062] 

[Effect of the Invention]According to this invention, while sensitivity is excellent, the top portion of a 
detailed resist pattern of 0.15 micrometer or less is not roundish, and the positive resist composition for ArF 
which is excellent in the rectangle nature of a resist pattern is provided. 



[Translation done.] 
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JISS, o-tKn^gim 2-thW-3 
--hnSim 7^/Ht, rW^/Ht, -fV7^ 

[0 0 3 5] P<D^V»Sb<a^©M«f*ilbT 

a, MWi'jyi, i'jyl, 'jyf7n-7f;n 

U > S i/ H± *n 5 © xx r «fc 5 ft §PI{*^ * X 
*x*yi^^xxf;K *x*y|'7n 
-7'f;vxxf;k 7ixMX$y|, *x*yi?y" 
y xx/nxf;K *x * yS^y^l/xx r;l#<D 

77^ ym, 7ix;l/$77 -< 7lf©*77 -f y&fe 
J; tf n ^iXr/WJ;^ &§f W 5 ft 3 <i 

[0 0 3 6] cft^c^-p^n^SS, xm^^fcoiSft 

K<> ft?fttt(cfttiS©^f$b^o 
[0 0 3 7] #H7 5>^bTt±, fflAfcf, Sgffi2l7 5 

•7if;l/7 5 7, hyxf;V757, n-7°nh°;l/7 5 
>\ >?-n-7°nK;l/7 5X hU-n-7°nlf;l/75 

hU^V7°n/V-;l/75X ^V7°nh°;V7 5 
>\ h'J7"^75x h'J^yf;V7 5y, h'Jx^ 
7-/V75X ^7n;V-;b7^X hU7"wV- 

;P7$yfAW^ns„ 7?«&7^>i:LTtt, ^y 

^;l/7 5X 7—Vy, N-^;l/7-'J7, N, N- 
y^Wxyy, o-^W-'JX m-^f-;l/7 
x'JX p-7f;V7xijy, N, N-^xf;V7xU 

x 77xx;v75x y- P - h u ;i/7 5 ymwmf 
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e>n^ 0 mmm^T^ytLTn, n7jkx o-*? 

;l/H7Jkx o-xf;HfiJ^x 2, 3-kW;Vt; 
yk'y, 4-xfvv-2-*f-;i/tfy 3 -xf ;i/ 
k ymt>mf ^n%o e: n 5 ©tft?, 
h y^y^T^y^cDiiw^T^y^A r f k— 9 s - 
^fc^f-rs aiii4^a< , kkx h^x-yjw^n 

[0038] %m%)i'$i<'Wttzrcim<D**v9mL< 

t±^©M»f*OE^S[J^t± (A) tffcttcfcfU 0. 0 1 
~5M%, j?$L<fctO. 02-0. 2 3M%©I3H 
Xh^o c©ffiHTfe^ Mtttfc±tMfi^±b 
J?3:Ll/\, #S7 5>©E^M^tt (A) J&frtcftU 
0. 0 1-511% 5f$L<li, 0. 0 2 — 0. 2M 

[0039] mmmm^t?>mffmo^TM±k 

r Fffl^kgU^kX h©M»fflffjiJ^Jil LX'jmT'io V , 

*>;l/V3-;l/|M3<fctfU h:i-;l/K^fr5B 
K^tl/cIIff t e r t-^/VxXf/K rhvt 
Knif7x;l/xXf;K ih+^if/UXf/HW 

if&ns^cn6fcis£*nav\ ff^bOiMfEiEff- 

K©t e r t-7f/HXfWfe5o lxXf;WiA 

r fx^^u- v-icitf?&-i%^fflm*&u sm 

fc&gfcJSUffl^enSo *©E-&»l-&tt, (A) fiSc^ 
fcftbl-l 0 0M%, !ffSL<a5~2 0ii%T' 

[0 0 4 0] $fc#f§S£©ffi«a±, SSfc&gfcJE 
bT, ffl81£©;&SiSWft, M^S^k-^a >6&ihSI 

[0 0 4 1] #|^©#kiu* h kkx M&SWtt, ± 

kS* h UkX hffi^Wcfflv^nsjS¥J*WS C i: 
M;Uf7-fehX ^f;Vxf;V^hx ^Xn 
^t/x ^f;WV7^;^hx 2-^7°xxy 
f©^-fyl;xfi/y^jn-;K fuvisvyvu 

-;k ^xfl/y^yn-zk xf l/y^"yn-;l/ty 
7-fer-k fu\Z\sy?V 3— ;l/*/7-fer- k k 

*/^;l/x-r;k t/xf;Vx-f;K t/^nif 
;l/x— r;K tX77k^x-77V3:/ct± ; &X7xx;ux 

•9-y©j;9*SSx-r;l/» ; feitfSJIxfvk 
*^;k #»x^;k ll^f;K ^;Hfy^^^;K 
if;l/tr^»x^;k ^ h^kX7W;k7iM7kk xh 
^7W^yi?x^;^cDX777WI^W£ c fctf 



[0 0 4 2] *^©®^©M%ffiffl7ar£^^T 

^k^kkx MM^©Mr«^x mxm^u 
&m l ra&fcwfcjftss^ ^ ^ x - > wffifrnrc 

(P E B) L/c IS, UBS, fflAfcf 1 - 1 0lf%f h 
v^Wyt-^AtFn^F (TMAH) 
©J; 9 &7;k& V tt/KMS^iiff f S K^SP^igg? 

r^s^nr vx^^x-y^sii^Hft (ukx h^x 

-y) «#SCfc^t?#So *fc7 UkXh^X-y© 
[0 0 4 3] 

M*«MfB^klUkkX Mc|g^3#fF&$g©^ 
SM*r?tt, ^4ffl^iSt/vHm&7«^bTi^o * 

43, #W¥ 1 0-2 1 8 9 4 7^$g©^SfSM8fCi± % 
h 'J7xx;WMx^A F U 7k- h ti?7?fri-7 
97kX;k*x72> h U7 Wh©a£WtfK«Sirrv 

t±, (b- i) K^^/c«*H^cD^y-tfyS^#-r^ 

hU7xX^X;k*x72>jtI^ (b-2) ±IH-fM 
(I) ^a?n^X;kt>x7i.iiii©®-&tl7'feD, 
(b-2) (c^LT (b-l) ^5MM%~2 5M% 

©iBHTlM^-LTi/^o (b-l) feitf (b- 

2) a^a^fiSc^feD, mas (b-2) immy-i 

0-2 8 2 6 7 3^S(CfHt!?nTt,^o L^L*^ 

( b - 1 ) %m&Tmm l isat±«n^ 

fe©«0. 1 5 jLtmJXT^«ffl*UkXh^X-y©h 

-y 7»*%*^#o\ fmmc%% t^d mm^M 

(b-2) WS^fflbfc^tcfi, Officii 
fCfcttfcf* ( b - 1 ) t ( b - 2 ) *#SOf J-&t?S^ 

Zttklco. 1 5 jiimIi(Toaiffl*UkXh^X-y 
© h -y 7BB#ff*L*£?&tf1\ ^kX h^X->©5£^ 
A r FMcD^k^UkX MM»S5 C t 

[0 0 4 4] 

MM] *^W^SUMfe<fct;jt«Mk:j;t3* 
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1 -xf-;V- 1 -Y. l 2 8 g t 

b yxf;V7^yi 20g^fh7tFD77y600 

^'J;«^ny K9 l gfci o»lKITLfe, * 

1 -xf ;V 1 ->-^D^i/;l/9 5 g OR* 
5 2%) £rf#/c 0 #6nfc7^U;l/»l-x^ 
1 -v-^n-v^vvvg 1 gfcJkJSW&SJLfttf 5fr 

LMLTfff.tl^v'^n^y^^iy 3 5 g^6 0 

ffLfco ^©SjSMrS^lmmHg, 1 1 5-1 1 7 °C 

[0 0 4 5] 

[fbi i] 



C— O— C— C— CH 3 



[0 0 5 0] d©±fcM^-f*©l|XMt±2 6 g^feD, Mm 
10 4 7 0 01% #ffcg&± 1 . 8 7feoft„ & 

33, x, yt±^n^'n6 0W%, 4 0^/1/%-pg^ 

[0 0 5 1 ] 1 

ISiEM 2 1 ( (A) lOOli 

SP ; h U 7x-;i/x;l/*xi b u 7;l/*n ^ £ >x;l/* 
b ( ( b - l ) o . 6 ; TfB{fc¥S£ 
#rsx;l/*^*.Mg ( ( (b-2) m) 5 MSB; 

[0 0 5 2] 



[0046] afe, e t itx-^-^m^mf-o *-©iR*a 

1 1 9 g (lRip9 6%) X^-dTco 

[0 0 4 7] 7n>yMNRoMf-^tt: 

7°n h y NM R ; 0 . 8ppm, 1. 2-1. 7pp 
m, 1. 9 p p m, 2. 2ppm, 2. 9 p p m, 3. 
2ppm, 6. Oppm, 6. 2 ppmtfeD i 
F T I R©4Mjfr7*— *tt : 2 9 7 2 c m 1 , 2 9 3 6 c 
m 1 , 2 8 6 3 c m 1 , 2 7 2 6 c m 1 , 1 4 4 9 c m 1 , 
1 3 3 6 c m 1 , 1 2 7 1 c m 1 T'fe t> ; 

[0 0 4 8] SjIM 2 («M^f* l (D^m 

mmm 1 -m^n/c^ns^/ 24. 8 g , SjgM 

1 ©Diels-AlderSJSfclWI&fcLT, 7?U;l/g?2 -fc 
SJiSS-STtf^n/c^SS^/V-l 3. Ogfeitfte 

*?wyli 6. 3 gteiSttyy 5 4. 1 gtcMft? 

U £JSffl$&SI t LTT'/fX-f V7f h U ;1/ 5 . 
4 gfci&H*., 7 0°C?2 4 B# KM-&SJi52-&fco SJSH 
SJS^n--\7°^y 1 V y h^icmULXM 

[0 0 4 9] 
[ffcl 2] 



[0 0 5 3] *©fBj£#fcLT\ 3-;HOtert- 
7f;l/XXf^7iigf ; U tert-7 
f-;l/xXr;I/3MMSP ; vny^o. 0 2 5HM3;43 
i tf h U ^ >f-;l/7 570. 1 Mg^7°P l£ P7 ? U 
n-;i/t/^f;l/x-f;l/7-fef->6 5 oMiSfcjg 

[0 0 5 4] h l^X 

Yy-y- tffl^ts i oNiWM^n/c^yny^x 

-/n±(c>S^L, ^-y h7V-h±T 1 4 0tT?9 0# 
MLfc Ar FSftSH (^nyas) (cj; 

Ar FX^v^P—tf- (1 9 3 nm) fcjgft&fC 
m%tLfc(D%, 13 0°C, 9 0MPEBjMU ^ 

?2. 3 8il%f h^^Wvtx-jit Fn^y 
H7Jq§»? 3 0#P^ b7WS#U 3 0g>K*J5ELTl£ 

mhfco 

[0 0 5 5] d©£5&^{1^ffM2ft/cO. 1 6 jum 
©7^777W-X;^-7tfl : 1 KffM^nS 
SSftltfia G£fi) ^mj/cm 2 (X^;^-M) 
"PMSLfcfcZl^ 5 0mJ/cm z f$ofto $/c, 

F- -7 7 0 ^Hd|gM D fcMOft^ fe o /ic 
IWIStclLT, 0. 1 2 /imCSfcil^Xh^-y 
^777FX^-Xtfl : 3) tfJ&jgSnSRftltfH 
GSS) «£Lfc fcC^ 3 6 m J / c m 2 -3 
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fc 0 Sfc foi/^h;^-y« 

-3 /Co 

[0 0 5 6] ^fflflj2 

Itlit^T, (b-l) £0. 3«M^ ( (b- 
2) {c*fL6M%) fcft*, SSfc: (b-2) ^IrIB 
<DTfBX;l/*-7l^ 

[0 0 5 7] 
Utl 4] 




[0 0 5 8] fcfUfctttttt, 1 mitLtl 

F l^X FMrteflKU ^^t?HSfiM l 

: ncj&jS^nSRttBfia G8S) *mj/c 20 
m 2 (x*;l/#-M) ^ffi-pjUSbfcfcCS, 6 5 m J 

©^^S^tcD^feo/co [UitfcLT, 0. 12/im 

3) *^figsns»^ra oas) *jffl£bfcfcji5, 

4 8mJ/cm ! t*^f:„ Sfe, ZVUitXh'W— 

ymm, im^mmmmti f ? f^mcmm <otn 

*<D&t,^^&fc£>-£&o/c 0 
[0 0 5 9] mMM3 30 
HfflM2^*5^T, (b-l)fcO. ( (b- 

2) tdMbi 6mm%) icft%rc&,9Ui. mmm2tm 
michxt^muyx hmimmwL. ^vmmm i 

&»«3tl/c0. 1 6 /jm©7^y7yKX^- 

x^x-y^i : iicBj$ztizm?tmr3 (®g) %m 

J /cm 2 (X^^^-M) WuTiliJSbfctcl^, 4 
5mJ/cm z t'foft„ Sfe, W^Xh/^-y 



w^/[im/[[«m^JiK^A?i5o#±fi m 

(72)56h^# a 

w^/[im/[[«m^JiK^^i5o#ifi m 



ftSuDfc^^&feO-efeofco F^Mi^bT, 0. 12 

1:3) ^Msnsi^n M) ^iJSb/cctci 

5, 3 2mJ/cm ! T'fo/c„ £/c, ^Ol/^Xh^ 
[0 0 6 0] it«Mi 

HfflM 2 fcfei^T, ( b - 1 ) ^#^/cJSWi, HfflM 
O«4*t«Snft0. 1 6fini©7^y7VF 

x^-x/^x-y^ 1 : 1 fc^snsR^K (ii 

g) ^mj/cm 2 (x^/l/^-M) ^MfJSb/ci: 
7 0mJ/cm ! ffeofto $/c, 

HMD t^*©*^fiff&fe©T-feo/c 0 IWHUfcLT, 
0. 1 2 ^m©BEuryyxF^x-y (7^y7>FX 

1 : 3) ^M?n?i)t^si gbse) mm 

LTctZZ, 6 4mJ/cm z ?fofc„ g:/c, ^©U 
i>7h;^->l«a, llttiailftStf F y7°^ 
icWM 0 A* © tb % ^Sft fe © o /to 

[00 6 1] it«M2 
^fflM2t*3^T, (b-2) (b-l) 5 MM 

StLfdSt iSl2^SicLt*^il/^ F 

/^-y^MLfco £©j;9ftS{raM2n/c^ 
y77Fx^-x/^-yao. 2 0 iimmm^h 

D , ^©b^X F^X-yff^Kt±, h^7°gP7>^?MD 

fciffczF-yxF/^-y (7^y7yFx^-x^i : 

3) fcO. 1 3 jim^K^-pfet), fOl/^XF/^- 

y Etttt, F -y 7@Py>©II« D tUfrtfjzl* < 

[0 0 6 2] 

0 . 1 5 mKTCil^l^^X F^X-y© F -y 7gP 

^*m*^?fftf-r; yyx h?^-yvmmic»n% 

A r Fffl«*yiFy*X «»«cin§o 



F X~ 2H025 AA01 AA03 AC04 AC08 AD03 
BE07 BGOO CB08 CB10 CB41 
CC20 

4J038 CG081 CM011 CM021 GA02 
JA35 JA55 JB01 JC17 JC22 
JC29 NA18 PA17 PB09 



